INTRODUCTION
In the basic microeconomic theory of the firm, units of capital and labor are combined to produce a market good or service. The optimal production function combines inputs in quantities such that the firm produces the greatest output for a given aggregate input cost-or, conversely, minimizes costs given a fixed quantity of output. Since the 1970s, economists and healthcare researchers have estimated output production and input cost functions for physician practices. These studies investigate the costs of producing physician services, 1 the input combinations most efficiently combined to produce physician services, 2 and the economies of scale in the provision of physician services. 3 In a recent review of literature on scale and scope economies in physician practice organizations, Burns and colleagues noted there has been rapid growth in very large physician practices, but that most physicians continue to practice in smaller and single-specialty practices. 4 Further, Burns et al. found the Bevidence of scale economies, scope economies, and quality performance advantages [for larger groups] has been strikingly thin, in some cases for decades.^Given ongoing physician payment reforms, and concerns these can motivate opportunistic integration of physicians into larger organizational entities of uncertain value to patients, [5] [6] [7] the impact of practice consolidation on the economics of physician practice remains an important policy research question.
In this paper, we explore current issues relevant to defining and measuring the inputs and outputs of physician practice. Utilizing the recent review by Burns et al., 4 as well as supplemental searches of EBSCOhost, PubMed and MEDLINE, and Google Scholar for articles published since 1980, we review practice inputs and outputs as typically described in the literature on the economics of medical practice, as well as new considerations relevant to the evolving nature of physician work. We identify the conceptual challenges for defining these Binputs^and Boutputs^in a complex and evolving health care system. We note the pragmatic difficulties with finding the data needed, as well as the methodological challenges that must be overcome to obtain reliable measures of inputs and outputs across practice organization types and physician roles. We also note some promising recent developments that hold potential for further advances in the data sources and measurement approaches needed to support policy-relevant research on the changing economics of medical practice.
PRODUCTION FUNCTIONS FOR PHYSICIAN PRACTICE
Researchers attempting to model physician production functions have typically estimated the effects of various inputs (e.g., physician and non-physician labor, office space, medical equipment) on physician outputs (e.g., office visits or procedures). While researchers have used various methods to estimate production functions for physician services, the basic form of the equations employed has been relatively consistent since the 1970s. In a 1972 paper, Reinhardt provided an exemplar physician production function: Q=f(H,X 1 ,X 2 ,….., X n ). 8 In this equation, Q denotes rate of output produced by the physician's practice and H is the rate of input of the 
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physician's time (e.g., hours per week in practice). The elements of Bvector X^represent quantities of inputs such as capital equipment and non-physician labor.
THE CONCEPTUAL CHALLENGE: WHAT ARE THE INPUTS AND OUTPUTS OF PHYSICIAN PRACTICE?
What are Practice Inputs?
Our scan of the literature on the economics of physician practice identified a number of categories of practice inputs (Table 1) . However, there have been numerous technological changes that have affected the inputs into physician practice, including point-of-care laboratory testing and imaging, robotassisted surgery, and, of course, health information technology (HIT) ( Table 2 ). Changes in professional responsibilities, either derived from within the profession or externally mandated by payers, purchasers or societal expectations, have also changed practice inputs. Examples include professional effort devoted to developing care plans, care coordination, shared decision-making, quality improvement, and quality reporting. Although newer inputs such as HIT, imaging technology, and care management staff might be categorized under traditional input categories (for example, facilities and practice administration), they reflect new and evolving contributions to physician production. Furthermore, as described in more detail elsewhere in this issue 18 these expanded types of inputs may be supported by different entities in the changing landscape of practice organizational affiliations.
What are the Outputs from Physician Work?
If the conceptual challenges of defining practice inputs have become more complex in recent years, those for measuring the output from physician work have become quite daunting (see Table 2 ). As described elsewhere in this special issue, there are many iterative steps involved in good medical care. 18 Some of these (for example, initial evaluation, diagnostic testing, and therapeutic interventions) have historically been characterized as the types of professional Boutputs^purchased by patients. With the rise of third-party payers, these became the basis of fee-for-service physician payments in many systems of reimbursement around the globe. Other professional actions (prioritizing patient concerns, formulating a differential diagnosis, care coordination, and promoting patient adherence to testing or treatment recommendations) are not as readily quantifiable as distinct services, and thus, have been specifically purchased less often through fee-for-service mechanisms.
In the reviewed literature on the economics of physician practice, production of discrete physician services (for example, physician visits and procedures) have been the outputs typically analyzed by researchers. Output metrics included visits per week, 1, 17 as well as more detailed enumerations of nonsurgical, surgery and anesthesiology, clinical lab, pathology, and diagnostic radiology and imaging procedures. 2, 13, 14 Some studies have also looked at some measure of practice revenue as an output. 3, 11, 13, 16 However, because medical prices typically have little relationship to actual costs or quantity of output, our focus will be on medical services, not revenue.
Of course, technological advances, as well as physician entrepreneurship, have expanded the range of services patients may obtain from medical practices. 19, 20 Given the increasing range of services provided by physicians, some more recent studies have moved away from counts of discrete services to Number full-time employees; hours per week in practice Clinical support staff labor [1] [2] [3] 9, 11, [13] [14] [15] [16] [17] Number of full-time employees (e.g., non-physician providers such as registered nurses or medical assistants) Facilities or office space 2, 9, 11, 13, 15, 16 Office rental; medical records; computing Medical equipment 2, 9, 11, 13, 16 Radiological equipment Supplies 11, 13, 16 In-office ancillary services (e.g., laboratory) Malpractice insurance 13 NA Practice administration 13, 16 Billing; insurance company contracting and monitoring; accounting and payroll; marketing and promotion; legal and consulting; housekeeping, maintenance, and security 13, 21, 22, 38 Derived from the Resource-Based Relative Value Scale (RBRVS), RVUs provide a measure of output that account for both the mix (based on relative resource intensity) and the number of services provided by physicians.
RVUs also fall short, however, as a conceptual metric for the output from a physician or their practice. For example, RVUs do not address the appropriateness of the service provided. 23, 24 Therefore, a physician providing many highintensity procedures might appear very productive on the basis of RVUs generated, but might be providing substantial amounts of unnecessary care. Highly specific appropriateness criteria and quality measures would be needed to measure different physicians' relative performance of clinical roles. Within cardiology, for example, performance measures for interventional cardiologists treating patients with coronary artery disease would provide no information on the appropriateness or quality of services provided by cardiologists focused on electrophysiological services to patients with arrhythmia.
Given these problems with individual services as a measure of physician output, other conceptual approaches have emerged in recent years for quantifying this construct. For example, measuring care for specific episodes of illness provides a focus on patient's health problems as well as considering the efficiency and quality of care. Unlike measures based on work RVUs, episode-based metrics can detect inefficiencies such as duplicative tests or hospital admissions. However, there are a variety of challenges to an episode-based approach to measuring practice outputs even in a single specialty like cardiology. While some cardiologists manage episodes of acute cardiac illness (for example, acute myocardial infarction, unstable angina, or atrial fibrillation), others play a more limited, technical role in care (for example, the interventional cardiologist focused on work in the catheterization lab). Such physicians may play a role in many episodes of cardiac illness, but have little or no responsibility for the overall efficiency or care quality of any single episode.
Furthermore, using episodes as the unit of physician output does not resolve whether care delivered during the episode was appropriate. Variation in problem identification, testing, diagnosis, and treatment may contribute to which episodes are identified within a population. Thus, one cannot assume episode-defining diagnoses are correct or procedures appropriate. 25 Moreover, episode-based approaches to measuring output do not value work done to avert future episodes (for example, prevention and chronic disease management).
These limitations to episode-based approaches to measuring physician output are highlighted when considering their application to primary care. The work of care coordination, patient centeredness, and comprehensiveness are not readily measured through enumerating episodes of illness, so primary care lends itself to a focus on a patient population. However, in the current U.S. health care system, understanding the actual level of patient responsibility held by individual primary care physicians is challenging. The role of the primary care physician in care received by patients varies substantially from setting to setting, 26, 27 and patient attribution and severity adjustment pose daunting challenges to population based metrics of physician output. [28] [29] [30] Thus, there may be no one metric for the output of physician work that can be applied to all physicians in all settings. For example, while work RVUs might be an effective way to capture the daily work of a radiologist or an interventional cardiologist, the lack of RVUs for care coordination or advanced access (such as telephone or email communication) render them of limited value in measuring outputs for a family physician or a cardiologist managing heart failure patients. Although some of the work of family medicine might be observed through measuring quality-adjusted episodes of care, the role of a cardiologist can vary from episode manager to proceduralist, and radiologists typically direct the care of few episodes, while contributing to many. Regarding populationbased measures such as overall cost and outcome, the work of individual radiologists or interventional cardiologists will typically be only one factor in determining the health of patients for whom they provide services.
THE PRACTICAL CHALLENGE: WHERE ARE THE INPUT
AND OUTPUT DATA?
Potential Sources of Input Data
As noted earlier, the changing landscape of practice organizational affiliations creates new challenges to the researcher attempting to collect data relevant to measuring the economics of physician practice. To illustrate the challenge of enumerating relevant practice inputs in the US today, consider the example of interventional cardiology. An interventional cardiologist might practice in a cardiology group that manages its own outpatient clinics, cardiac catheterization suites, staff, equipment, and specialty-specific information technology infrastructure. Alternatively, the staff, facilities, and equipment for cardiology services might be managed centrally by a multispecialty group practice (MSGP); or the cardiac catheterization suite might be owned by an affiliated hospital. Also, the medical practice (either cardiology or MSGP) might have an affiliation with an Independent Practice Association (IPA) or physician-hospital organization (PHO) that manages (and pays for) some contracting and billing costs; such an affiliate might even provide HIT and quality improvement support (see Table 2 ). Similarly, a family physician might work at a primary care site (PCS) that manages all its costs or in a site owned by a larger organization that centrally manages and accounts some or all costs. As with the cardiologist, the family physician's outpatient practice could also occur in facilities owned by an affiliated hospital so that the clinic space, equipment, and even support staff costs might be borne by the hospital. Of course, the PCS might also have an IPA or PHO affiliation providing some health plan-related or other inputs.
Potential Sources of Output Data
Given the prominence of fee-for-service as a method of reimbursement for physician work by many purchasers across most US markets, one might anticipate that billed claims for services would be a readily available source of output data. Indeed, a number of the surveys referenced below note practice billing systems as a common source for respondent information. Nonetheless, the complex organizational environment in which physicians work now occurs may complicate the ease of acquiring relevant data from a single source. Analyses of Physician Compare data show that for a number of prominent specialties (for example, cardiology, dermatology, ophthalmology, and orthopedic surgery), over 40 % of these physicians billed the Medicare program for services provided through more than one practice organization. 31 Thus, even the flawed RVU data from physician work would have to be collected from multiple practices or from multiple payers. Finally, managed care plans that use capitation to pay practices may not require detailed encounter data, as payments are not tied to the delivery of specific services.
THE MEASUREMENT CHALLENGE: OBTAINING RELI ABLE AND VALID MEASURES OF INPUTS AND OUTPUTS

Measuring Inputs
To identify potential measurement approaches of inputs to medical practice, we reviewed a variety of past data collection efforts (Table 3) . These data collection efforts have typically relied on either physician respondents or on responses from practice organization administrators. However, there are now various potential respondents in these often complex networks of practice affiliations (Table 2 ). Individual physicians could be an appropriate informant for questions related to their clinical practice at a specific site, including their personal allocation of effort, such as time devoted to administrative work like interactions with insurance companies. 32 While physicians in large and multisite practices might provide reliable information on the availability and role of the other physicians, clinical support staff, and technology they work with directly at their site, they will not know the resources supporting other types of physicians in their organization.
The job title of practice administrator suggests a reliable source of information on practice inputs, but collecting information from administrators presents additional methodological challenges. There is no comprehensive list of practice administrators, and the responsibilities and scope of knowledge of individuals in this position vary across practices. Practice site administrators (once they have been identified) are likely to be the reliable respondents for information about such costs associated with support personnel, facilities, and medical equipment at specific practice location. However, some aspects of practice costs may be managed at the organizational level, so some site administrators may have either limited or no understanding of some input costs. 33 
Measuring Outputs
For all their conceptual flaws as a measure of physician output, data on physician RVUs are regularly generated in the course of fee-for-service medical practice. Unfortunately, even these are not a reliable and valid enumeration of physician work. There have been a number of problems identified with work RVUs as a measure of physician outputs. 23, 24 Because current RVUs have become poorly calibrated, different allocations of physician roles and clinical responsibilities can result in large variations in the seeming productivity of different physicians working in the same specialty. For example, one interventional cardiologist may spend most of her time in the catheterization lab performing procedures, while another might spend more time managing episodes of coronary artery disease that require cardiac interventions. This difference in clinical roles might cause the second cardiologist to appear to have lower overall output per hour worked (lower RVUs per hour), because more time is spent performing relatively undervalued services such as evaluation and management visits. Recalibrating work RVUs might at least partially address this imbalance. However, another problem with RVUs as a measure of output (as discussed above) is that some of the work performed to ensure desirable patient outcomes is not readily documented through current billing for physician services.
Surveys of physician practice organizations have been a common way of measuring physician outputs, but as mentioned earlier, these responses typically are reported from the billing records, with all the reliability and validity concerns of counts of patient services or of RVUs. Surveys of physicians themselves could collect data on the daily activities related to services for patients. For example, physicians can report on the number of patients they care for and their proportion of time spent in various clinical activities (for example, evaluation and management visits, interpreting test results and performing procedures) and nonclinical activities. 1, 2, 13 Of course, physicians may not be reliable respondents if asked about the appropriateness or quality of the services they provide. 34 Further, even if physicians provide reliable data on their own daily activities, their reports may not reflect a full understanding of the contributions from other members of the contemporary medical practice team. Some quality measures can be calculated through claims, but the associated limitations have been well documented, 28 and the appropriateness of few services or surgical episodes can be determined without more detailed patient-level data. 25, 28 Even patient surveys combined with all-payer claims data would prove insufficient for reliable measurement of physician outputs across specialties and settings.
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Nonetheless, the future holds promise of more granular and comprehensive information from electronic medical record data. With such detailed information on both patient findings and clinician actions, researchers might be able to assess such outputs of physician work as correctness of diagnosis and appropriateness of management. Despite this promise, the diversity of HIT platforms, limited interoperability of current systems, and limited availability of HIT-based measures of quality and appropriateness require many hurdles to be overcome before such data can be used to measure inputs and outputs consistently across diverse professional roles and practice organizations.
There are several promising initiatives involving data sharing at the organizational level that could provide a starting point for developing and piloting such new data sources and measures of physician inputs and outputs. For example, the Mayo Clinic has partnered with Optum, the information technology-enabled health services division of UnitedHealth Group, to launch a research Blab^where clinical and claims data will be shared for research purposes. The combination of clinical data from the electronic health record system and administrative claims could allow for the creation and testing of more precise measures of health care quality and efficiency. 37 The American Medical Group Association is in the process of adding additional practices to this collaboration. Data from the HMO Research Network (HMORN) could also be used to develop and pilot new metrics. HMORN maintains a virtual data warehouse containing information from member HMOs, which can be used to study health care utilization. Understanding how these networks and data sets can be used to develop and pilot new metrics could greatly advance the field of inquiry on how physician inputs and outputs are evolving in the changing health care system. Of course, all of these current initiatives reflect physicians and practice settings that are part of multispecialty medical groups, often in highly integrated systems of care. Even if such pilot work offered promise for future measurement of the inputs and outputs of physician practice, additional efforts would be required to establish data collection approaches and measurements applicable to smaller and single specialty practices.
CONCLUSIONS
Understanding the economics of medical practice remains important in view of ongoing changes in the payment, regulation and technology for physician work. However, the same evolving environment for physician practice that creates the need for this better understanding imposes interesting and important conceptual challenges in what to measure in such research. Examples identified here include the technology driven changes into the inputs for physician practice and widely documented variability in the quality and appropriateness of the units of services produced through these inputs.
Likewise, there are current and emerging data source challenges relevant to measuring these evolving constructs. The diverse affiliations for physician practice sites mean data on key practice inputs to physician work may be held in any of several organizations. Changes in physician work also result in many physicians providing services in multiple locations, often billing through different organizations.
Both these conceptual and data challenges introduce interesting measurement problems that must be overcome to facilitate research on the economics of modern medical practice. Unlike the solo physician practice model common in the early years of research on the economics of practice, physicians may vary greatly in their awareness of the inputs to their practice, and with the diverse roles of practice administrators, no single other individual may be better informed regarding the range of practice inputs. The measurement of outputs may not be much more reliable, complicated by such problems as the poor calibration of RVUs and the complexity of measuring nonbillable work, such as that done by clinical teams.
Fortunately, recent developments in data aggregation such as all-payer claims data bases and data sharing consortia across payers and delivery organizations create a potential platform that could be used in developing the needed data sources and measurement techniques. However, considerable additional methodological work will be required to overcome the aforementioned measurement and data challenges. Furthermore, the lessons learned must be applied to the broad range of physician roles and practice settings to support policy relevant research on the changing economics of medical practice.
